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Related Appeals and Interferences 
There are no related appeals or interferences that would be believed to 
directly affect, be directly affected by, or have a bearing on the Board's decision in 
the pending appeal. 

Status of Claims 

Claims 1-3, 5-17, 19-32, 34-47, 49-61 and 63-71 are pending and 
appealed. The appealed claims are listed in the attached appendix. Claims 4, 18, 33, 
48 and 62 have been cancelled. 

Status of the Amendments 
The pending claims were finally rejected in an Office Action mailed 
June 9, 1999. Appellants filed a Response and Amendment to this Office Action on 
December 8, 1999. The Advisory Action mailed January 24, 2000 indicates the 
Amendment has not been entered. 

Summary of the Invention 
The present invention is directed to in vivo methodologies of treating a 
mammalian host capable of generating an immune response, by generating a DNA 
fragment that expresses an antigenic protein or fragment thereof, distributing the DNA 
fragment on a particle surface to create a particulate polynucleotide, and inoculating 
the host with the particulate polynucleotide; the particulate polynucleotide is delivered 
to the cytoplasm of an antigen presenting cell (" APC") within the host. The 
expressed antigenic protein or fragment thereof is presented to the membrane surface 
of an APC through the MHC Class I pathway; this presentation elicits an immune 
response in the host resulting in the destruction of neoplastic or virally infected cells. 
Inoculation can be by any means known in the art including through use of a biolistic 
device (Claims 15-16, 17-28) or by direct inoculation (Claims 29-32, 34-43). Ex vivo 
methods are also included in the present invention, wherein the particulate 
polynucleotide is delivered to the cytoplasm of an APC in vitro, and the mammalian 
host is inoculated with the APC by direct injection (Claims 44-47, 49-58). In one 
embodiment of the ex vivo methodology, the DNA expresses a molecule that enhances 
the antigen presenting function of an APC (Claims 59-61, 63-67). The present 
invention is also directed to methods for transfecting APCs by delivering to the 
cytoplasm of the APC a particulate polynucleotide coated with a DNA fragment that 
expresses an antigenic protein or fragment thereof (Claims 68-70). A method of 
inducing a CTL immune response by transfecting APCs, in vivo, with a DNA 
fragment which expresses an antigenic protein or fragment thereof, such that said 
protein is presented to the membrane surface of the APC through the MHC Class I 
pathway and tumor cells are destroyed is recited in Claim 71. 
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Issues 

The issues presented on appeal are as follows: 

1. Whether Claims 1-3, 5-17, 19-32, 34-47, 49-61 and 63-71 are 
unpatentable over 35 U.S.C. § 112, first paragraph, for lack of enablement; 

2. Whether Claims 1-3, 5-17, 19-32, 34-47 and 49-61 are 
unpatentable under 35 U.S.C. § 112, second paragraph, as being indefinite for failing 
to particularly point out and claim the subject matter of the invention; 

3. Whether Claims 1, 15, 29 and 68-71 are unpatentable under 35 
U.S.C. § 102(b) as being anticipated by either Tang et al. or Barry et al.; 

4. Whether Claims 1, 15, 29 and 68-71 are unpatentable under 35 
U.S.C. § 102(b) as being anticipated by Hui et al.; 

5. Whether 1-3, 5-17, 19-32, 34-47, 49-61 and 63-71 are 
unpatentable under 35 U.S.C. § 103(a) as being unpatentable over Weiner et al. taken 
with either Tang or Barry. 

Grouping of Claims 
Claims 1-3, and 4-14 stand or fall together; Claims 15-17 and 19-28 
stand or fall together as they are directed to a particular mode of delivery which can 
be patentable over other modes; Claims 29-32 and 34-43 stand or fall together as they 
are directed to a particular mode of delivery which can be patentable over other 
modes; Claims 44-47 and 49-58 stand or fall together as they are directed to an ex vivo 
methodology which can be patentable over in vivo methods; Claims 59-61 and 63-67 
stand or fall together as they are directed to an ex vivo methodology using a particular 
type of molecule, which can be patentable over in vivo methodologies or other ex vivo 
methodologies; Claims 68-70 stand or fall together as being drawn to methods for 
trans fecting APCs, which can be patentable over the other claimed methods; and 
Claim 71 stands or falls alone as being directed to a method of inducing a CTL 
immune response, which can be patentable over the other claimed methods. 

Argument 

The claims of the present invention generally relate to methods of 
eliciting an immune response in a host through the use of particulate polynucleotides 
coated with DNA fragments that express antigenic proteins or fragments thereof. By 
delivering these particulate polynucleotides to the cytoplasm of antigen presenting cells 
("APCs"), antigenic proteins or fragments thereof are presented to the membrane of 
the APCs through the MHC Class I pathway. As will be appreciated by those skilled 
in the art, such presentation stimulates the induction of antigen-specific cytotoxic T 
lymphocytes ("CTLs"). Induced antigen-specific CTLs then target and destroy 
antigenic expressing host cells, such as neoplastic cells or virally infected cells. The 
antigen-specific immune response depends on the particle antigen expressed by the 
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DNA sequence coated on the particulate polynucleotide. The present invention can be 
carried out by either ex vivo or in vivo methods. A specific embodiment of the ex vivo 
methods is one in which the antigenic protein or fragment thereof is a molecule which 
enhances the antigen presentation function of an APC. The invention is also generally 
directed to methods for transfecting APCs, and a method for eliciting a CTL immune 
response through transfection of APCs. 

Claims 1-3, 5-17, 19-32, 34-47, 49-61 and 63-71 were rejected as 
allegedly lacking enablement. One skilled in the art, however, would clearly be able 
to practice the invention of the pending claims based upon the teachings of the 
specification as filed. The Examiner concedes in the June 9, 1999 Office Action 
("last Office Action") that Appellants' evidence clearly demonstrates that particle 
bombardment administration into skin results in CTL mediated immune responses to 
tumors or viruses, and then concludes that Appellants' claims should be limited to 1) 
particle bombardment, 2) administration into skin, and 3) eliciting a CTL immune 
response. According to the Examiner, Appellants' "specification fails to teach or 
provide guidance to the skilled artisan for preparing vectors for APC cell-targeting by 
any other route of administration . . . . " Appellants submit that it is improper to limit 
the invention in the manner suggested by the Examiner. 

More specifically, both biolistic gene gun methods and direct injection 
methods of administration are taught and enabled by the specification. Example 
sections 7 and 8 (and corresponding figures) clearly show that biolistic immunization 
is an effective means for accomplishing the present methods, and that subcutaneous 
injection of particulate polynucleotides is as effective as the biolistic approach in 
eliciting an immune response. Appellants respectfully submit that this supports claims 
generically encompassed by these and other methods; in addition, the claims directed 
to specific means for immunization (i.e., biolistic and direct injection) are clearly 
enabled. In light of this evidence, there would not appear to be any need to "provide 
guidance to the skilled artisan for preparing vectors for APC cell targeting ..." as 
suggested by the Examiner. Appellants have repeatedly pointed to their example 
evidence regarding direct injection. Nonetheless, the Examiner continues to maintain 
the position that there is no guidance for practicing the invention by any route of 
administration other than the biolistic approach. This clearly ignores the example 
evidence that confirms the efficacy of other methods, namely direct injection. 

Because the examples provide evidence that direct injection is an 
effective means of immunization according to the present invention, the examples also 
provide evidence that injection to points other than the skin are effective. This is 
discussed in, for example, example section 7, page 25, lines 25-29, in which 
subcutaneous injection is discussed. Accordingly, the Examiner's statement that no 
evidence is supplied regarding administration to points other than the skin is also 
erroneous. 
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Appellants farther submit that Claim 1-3, 5-17, 19-32, 34-37 and 49-61 
are not indefinite. The Examiner previously rejected these claims under 35 U.S.C. 
§112, first paragraph, because the specification allegedly does not enable methods of 
treating hosts afflicted with a naturally occurring disease that may evade immune 
system recognition. In response, Appellants amended Claims 1, 15, 29, 44 and 59 to 
recite that the present invention is directed to mammalian hosts that are "capable of 
generating an immune response." It is well known and established in the art that 
patients with, for example, late stage tumors, viral infections, or the like, can 
demonstrate general immunosuppression. The presence or absence of such 
generalized immunosuppresion, and the general immune status of patients, is routinely 
determined as a part of the medical care of these patients. Clearly, a patient generally 
incapable of mounting an immune response would not be a candidate for the 
immunotherapeutic methods taught in the present invention; significantly, such a 
patient would most likely not be a candidate for any form of immunotherapy. As the 
general immune status of candidates for immunotherapy, or any other form of anti- 
cancer or anti- viral therapy, is routinely determined, such a determination relevant to 
the applicability of the methods of the present invention cannot be considered undue 
experimentation . 

In response to the amendment the Examiner rejected the claims under 
35 U.S.C. § 112, second paragraph, stating that the term "capable of eliciting an 
immune response" renders the claims indefinite "because the capacity of a subject to 
perform some function is merely a latent characteristic of said subject and said 
language carries no patentable weight." The Examiner suggested instead "that 
Applicant use claim language which clearly indicates that the mammalian host is fully 
immunocompetent, i.e., has a fully functional immune system intact." The 
Examiner's suggestion, however, ignores the fact that Appellants' invention is directed 
to any mammalian host capable of mounting an immune response, including those who 
are less than fully immunocompetent. Indeed, limiting the invention to those who are 
fully immunocompetent would prevent this invention's therapeutic use on numerous 
patients, such as cancer patients, who are less than fully immunocompetent yet are still 
capable of mounting some immune response. In addition, the phrase "capable of 
generating an immune response" describes the mammalian host to whom the present 
methods are directed; hosts incapable of generating an immune response would not be 
appropriately treated by the present methods, or any other methods for that matter. 
Thus, the added language does more than identify a "latent characteristic" of the host. 
Even if that was all it did, which Appellants do not concede, Appellants fail to see 
how using the " fully immunocompetent" language suggested by the Examiner is any 
less descriptive of a latent characteristic than the phrase " capable of generating an 
immune response" . 



5 



# .J . 



Appellants submit that one of ordinary skill in the art would understand 
what is presently claimed, in light of the specification and the general level of 
knowledge in the art. As noted above, those skilled in the art know that only patients 
capable of mounting some sort of immune response are appropriate candidates for any 
form of immunotherapy. In addition, the language "capable of generating an immune 
response" has been allowed in the claims of U.S. Patent No. 5,951,975 submitted 
with Appellants December 18, 1999 response and attached hereto at Tab A. 
Appellants submit this patent as evidence that the added language is understandable to 
those skilled in the art. For all of these reasons, Appellants submit that the Claims 1- 
3, 5-17, 19-32, 34-47 and 49-61 are not indefinite. 

Claims 1, 15, 29 and 68-71 were rejected under 35 U.S.C. § 102(b) as 
allegedly being anticipated by either Tang et al. {Nature 1992) or Barry et al. 
{Biotechniques 1994). Neither Tang nor Barry, however, teach all of the elements of 
the present invention. 

More specifically, the present claims recite elicitation of an immune 
response, particularly an anti-tumor or anti- viral immune response that destroys 
neoplastic or virally infected cells; this response is through the MHC Class I pathway, 
as specifically recited in the claims. As noted previously, those skilled in the art will 
recognize that presentation via the MHC Class I pathway results in elicitation of a 
CTL response. In any event, the specification as filed makes clear that the present 
invention is directed to such a response. (See, for example, page 1, lines 25-28; page 
2, lines 1-8). It would be apparent to one skilled in the art, therefore, based upon a 
review of the claims in conjunction with the specification, that Appellants are claiming 
a different response than that taught by either Tang or Barry. Both Tang and Barry 
teach an antibody response. The mechanism by which an antibody response is 
triggered is different from that by which a CTL response is elicited. Antibody 
responses are not related to Class I presentation; antibody responses require Class II 
presentation to helper T cells, not to CTLs. Antibody responses further require that 
the presented protein be recognized by B cells. Thus, the APC must have an external 
source of antigenic protein. In the present invention, the source of antigen is internal 
to the APC, i.e., produced by the APC receiving the delivered DNA. Thus, targeting 
delivery of DNA to the cytoplasm of APCs according to the present invention targets 
Class I presentation of the antigen, which induces a CTL response. This is not taught 
in either of the cited references. Moreover, antibody responses are not generally 
effective against tumor cells or virally infected cells as are Appellants' claimed 
methods. Thus, the methods of Tang and Barry teach a different route of action and a 
different result as compared to the present methods. 

The Examiner states that " Antigen processing and presentation via 
MHC Class I can initiate a variety of immune reactions which would also encompass 
the generation of antibodies." Neither the Tang nor Barry articles support this 
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proposition, however. There is no mention in either article of eliciting an antibody 
response through the MHC Class I pathway. For all of these reasons, Appellants 
submit that all of the claims rejected on this basis are allowable. 

In addition, both Tang et al. and Barry et al. teach the use of a gene 
gun or biolistic device. Claim 29, however, is specifically directed to use of direct 
injection, and not a biolistic device. Thus, neither of the references teach the specific 
method of Claim 29; that claim is therefore further allowable over the art. Neither 
reference teaches trans fection of APCs as recited in Appellants Claims 68-70, 
especially the in vivo methodology of Claim 70. These claims are therefore further 
allowable over the art. Finally, Claim 71 is specifically directed to a method of 
inducing a CTL immune response through the MHC Class I pathway so as to destroy 
tumor cells. Neither Tang nor Barry teach elicitation of a CTL response. 
Accordingly, Claim 71 is therefore further allowable over the cited art. 

To establish anticipation under 35 U.S.C. § 102, every element of a 
claim must be present in a single reference. (See, for example, Jamesbury 
Corporation v. Litton Industrial Products, Inc., 225 USPQ 253 (Fed. Cir. 1985), a 
copy of which is attached at Tab B.) Not every element of Claims 1, 15, 29 and 68- 
71 is taught by the two references. Specifically, the references do not teach delivery 
of an antigenic protein or fragment thereof to professional APCs, such that said 
protein or fragment thereof is presented through the MHC Class I restricted pathway 
by the APC. In addition, neither of the references teach the inoculation of a 
mammalian host with a particulate polynucleotide by direct injection, as specifically 
recited in Claim 29; methods of transfecting APCs as specifically recited in Claims 
68-71; and elicitation of a CTL immune response as specifically recited in the Claim 
71. Because the references do not teach all of the elements of the rejected claims, 
Appellants respectfully submit that the present invention is not anticipated by the 
references. 

On a related matter, the Examiner states that direct injection is clearly 
taught by Tang and Barry " since the biolistic system requires that DNA be directly 
injected into skin. " The Examiner is apparently equating the biolistic system and 
direct injection in support of the argument that the art teaches certain of the present 
methods. In support of the rejection under 35 U.S.C. § 112, however, the Examiner 
stated that use of a biolistic device and direct injection are distinct. (See last Office 
Action, page 3, wherein the Examiner states that Appellants' claims should be limited 
to biolistic approach because no other route of administration, such as direct injection, 
is supported.) Thus, one argument is being made with regard to rejecting the claims 
under 35 U.S.C. § 112, but the Examiner makes what appears to be the exact opposite 
argument in rejecting claims under 35 U.S.C. § 102. Appellants respectfully submit 
that this is inappropriate. 
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Claims 1, 15, 29 and 68-71 were rejected under 35 U.S.C. § 102(b) as 
allegedly being anticipated by Hui et al. {Journal of Immunological Methods, 1994). 
As noted previously by Appellants, and unaddressed by the Examiner, it is unclear 
whether the Hui reference is appropriately cited under 35 U.S.C. § 102(b). Although 
the paper bears a publication date of 1994, nothing indicates whether the publication 
occurred before September 28, 1994, one year before the effective filing date of the 
current application. 

In any event, Hui does not appear to teach every element of the present 
claims. For example, Hui discusses immunization through thigh muscle and spleen 
cells, not dendritic cells or any other type of APC. Appellants, in contrast, 
specifically recite delivery of particulate polynucleotides to the cytoplasm of APCs. 
This critical distinction alone renders the present invention patentable over the Hui 
references. 

In addition, neither the immunization through the thigh muscle nor the 
spleen cells appear to stimulate a CTL response. (See page 151, column 2, "The 
thigh muscles were immunized .... After 20 days, no primary anti-H-2K b CTL 
activity could be detected in the spleen cells" ; and page 152, column 1, "As in the 
case of genetic immunization via the thigh muscles, the primary anti-H-2K b activity 
detected was marginal ....") It was only after restimulation in vitro that anti-H-2K b 
activity was seen. Thus, the methods of Hui do not elicit an immune response in the 
manner taught by Appellants. Significantly, the thigh muscle and spleen cells of Hui 
are not antigen presenting cells. Thus, their ability to present antigen through the 
MHC Class I pathway is questionable. This is supported by the teachings of Hui, in 
that it was only after restimulation in vitro, that anti-H-2K b activity was seen. In 
contrast, Appellants' methods elicit an immune response without the need for 
additional restimulation in vitro. Furthermore, Hui does not appear to show that their 
method has any antitumor or antiviral immunity as claimed in the present methods. 
Hui reports that only an allo-antigenic response is elicited, and uses an artificial 
transplantation rejection antigen of questionable relevance to tumor or viral immunity. 

Hui is limited to use of a biolistic device, and therefore does not read 
on the methodology recited in Claim 29, which specifically recites direct injection. 
Hui clearly fails to teach transduction of APCs, as recited in Claims 68-70, and a 
method of inducing a CTL response by transfecting APCs as recited in Claim 71. 
Because several aspects of the presently claimed invention are not taught by Hui, 
Appellants respectfully submit that the reference is not appropriately recited under 35 
U.S.C. § 102(b). 

Claims 1-3, 5-17, 19-32, 34-47, 49-61 and 63-71 were rejected under 
35 U.S.C. § 103(a) as allegedly being unpatentable over Weiner et al. (U.S. Patent 
No. 5,593,972) in view of either Tang or Barry. Weiner appears to be directed to 
methods for using naked DNA to elicit an immune response. In addition, Weiner does 
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not teach the use of DNA vaccines or particulate polynucleotides for use in particle 
bombardment. A speculative sentence in Weiner, that their methods might have 
increased efficiency by use of particle bombardment, has been cited as allegedly 
overcoming the shortcoming of the reference. Appellants respectfully submit that a 
one-sentence speculation as to a manner in which efficiency may be increased does not 
render obvious the present invention. Weiner's claimed methods also appear to 
require the use of bupivacaine in the immunization of a host against a pathogen. 
Bupivacaine is taught by Weiner as being a cell stimulating agent that promotes and 
facilitates the uptake of genetic material by a cell (see Weiner, col. 18, lines 39-43). 
Appellants transfect APCs without the use of transfecting agents. Moreover, it is 
unclear as to whether Weiner is even targeting APCs. In addition, Weiner teaches 
integration of the introduced DNA into the chromosomes of the hosts as one means of 
accomplishing his method (see Weiner, col. 10, line 65 through col. 11, line 4); the 
present methods do not include such integration. Thus, the relevance of Weiner's 
methods to Appellants' methods is tenuous at best, since Appellants' methods recite 
the delivery of particulate polynucleotides to APCs without the use of bupivacaine . 
Thus, Weiner does not appear to teach or suggest the present methods. 

Moreover, the combination of Weiner with Tang and Barry, who are 
cited as teaching particle bombardment, does not overcome the shortcomings of the 
primary reference. More specifically, Tang and Barry utilize particle bombardment to 
elicit an antibody response, not a response through the MHC Class I pathway as 
recited by Appellants. Thus, combining the teachings of Tang and Barry with those of 
Weiner might lead one skilled in the art to conclude that use of particle bombardment 
would result in an antibody response, but would not necessarily lead one skilled in the 
art to conclude that such methods would result in the elicitation of a response through 
the MHC Class I pathway. 

For a combination of references to be properly applied, the combination 
must suggest an improvement along the lines of the invention to those skilled in the 
art. (See, for example, In re Sernaker, 217 USPQ 1 (Fed. Cir. 1983), a copy of 
which is attached at Tab C). Here, Appellants cannot discern any suggestion 
whatsoever that the combination relied on by the Examiner would lead to the present 
method for eliciting an antitumor or antiviral response by the MHC Class I pathway 
through use of particulate polynucleotides coated with DNA expressing an antigenic 
protein or fragment thereof. There is no teaching in Weiner of the use of particulate 
DNA, or the introduction of particulate DNA to antigen presenting cells. There is no 
teaching in either Tang or Barry of the use of particle bombardment to elicit an 
immune response through the MHC Class I pathway. Therefore, the combination of 
the references cannot be said to teach Appellants' claimed methods. 

For all of the above reasons, Appellants respectfully submit that the 
claims are allowable over the art of record. 
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SUMMARY 



Appellants respectfully submit that the specification as filed enables the 



subject matter of the pending claims. In addition, the claims are not indefinite based 
on the use of the phrase "capable of generating an immune response." Furthermore, 
none of the references relied on by the Examiner anticipate or suggest the methods of 
the present invention for the reasons given above. It is respectfully requested, 
therefore, that the rejection of the pending claims be reversed, and the case remanded 
to the Examiner for reissue of a Notice of Allowance. Such action is respectfully 
requested at an early date. 




Registration No. ^87968 
Eckert Seamans Cher in & Mellott, LLC 
600 Grant Street, 42nd Floor 
Pittsburgh, PA 15219 
Attorney for Appellants 



(412) 566-2036 
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APPENDIX 

1 . An in vivo method of treating a mammalian host capable of 
generating an immune response, which comprises: 

(a) generating a DNA fragment which expresses an antigenic 
protein or antigenic protein fragment; 

(b) distributing said DNA fragment on a particle surface, 
resulting in a particulate polynucleotide; 

(c) inoculating said mammalian host with said particulate 

polynucleotide; and, 

(d) delivering said particulate polynucleotide to the 
cytoplasm of an antigen presenting cell within said mammalian host, such that said 
expressed antigenic protein or antigenic protein fragment is presented to the membrane 
surface of said antigen presenting cell through the MHC class I pathway, wherein said 
presentation of said antigenic protein or protein fragment elicits an anti-tumor or anti- 
viral immune response in said host that destroys neoplastic or virally infected cells. 

2. The method of Claim 1 wherein said mammalian host is a 

human. 

3. The method of Claim 2 wherein said DNA fragment expresses a 
tumor rejection antigen, viral antigen or antigenic protein fragment thereof. 

5. The method of Claim 3 wherein said antigen presenting cell 
resides within or migrates to the lymphoid tissue of said human host. 

6. The method of Claim 5 wherein said tumor rejection antigen is 
selected from the group consisting of MAGE-1 and MAGE 3. 

7. The method of Claim 5 wherein said tumor rejection antigen is 

Melan-A. 

8. The method of Claim 5 wherein said tumor rejection antigen is 

gplOO. 

9. The method of Claim 5 wherein said tumor rejection antigen is 

p53. 

10. The method of Claim 5 wherein said tumor rejection antigen is 

CEA. 

11. The method of Claim 5 wherein said tumor rejection antigen is 

HER2/neu. 
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12. The method of Claim 5 wherein said viral antigen is HIV gpl20, 

HIV gpl60. 

13. The method of Claim 5 wherein said viral antigen is Influenza 
virus nucleoprotein. 

14. The method of Claim 5 wherein said viral antigen is Hepatitis B 
surface antigen. 

15. An in vivo method of treating a mammalian host capable of 
generating an immune response, which comprises: 

(a) generating a DNA fragment which expresses an antigenic 
protein or antigenic protein fragment; 

(b) distributing said DNA fragment on a particle surface, 
resulting in a particulate polynucleotide; 

(c) inoculating said mammalian host with said particulate 
polynucleotide using a biolistic device; and, 

(d) delivering said particulate polynucleotide to the 
cytoplasm of an antigen presenting cell within said mammalian host, such that said 
expressed antigenic protein or antigenic protein fragment is presented to the membrane 
surface of said antigen presenting cell through the MHC class I pathway, wherein said 
presentation of said antigenic protein or protein fragment elicits an anti-tumor or anti- 
viral immune response in said host that destroys neoplastic or virally infected cells. 

16. The method of Claim 15 wherein said mammalian host is a 

human. 

17. The method of Claim 16 wherein said DNA fragment expresses 
a tumor rejection antigen, viral antigen or antigenic protein fragment thereof. 

19. The method of Claim 17 wherein said antigen presenting cell 
resides within or migrates to the lymphoid tissue of said human host. 

20. The method of Claim 19 wherein said tumor rejection antigen is 
selected from the group consisting of MAGE-1 and MAGE 3. 

21. The method of Claim 19 wherein said tumor rejection antigen is 

Melan-A. 

22. The method of Claim 19 wherein said tumor rejection antigen is 

gplOO. 

23. The method of Claim 19 wherein said tumor rejection antigen is 

p53. 
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24. The method of Claim 19 wherein said tumor rejection antigen is 

CEA, 

25. The method of Claim 19 wherein said tumor rejection antigen is 

HER2/neu. 

26. The method of Claim 19 wherein said viral antigen is HIV 
gpl20, HIV gpl60. 

27. The method of Claim 19 wherein said viral antigen is Influenza 
virus nucleoprotein. 

28. The method of Claim 19 wherein said viral antigen is Hepatitis 
B surface antigen. 

29. An in vivo method of treating a mammalian host capable of 
generating an immune response, which comprises: 

(a) generating a DNA fragment which expresses an antigenic 
protein or antigenic protein fragment; 

(b) distributing said DNA fragment on a particle surface, 
resulting in a particulate polynucleotide; 

(c) inoculating said mammalian host with said particulate 
polynucleotide by direct injection; and, 

(d) delivering said particulate polynucleotide to the 
cytoplasm of an antigen presenting cell within said mammalian host, such that said 
expressed antigenic protein or antigenic protein fragment is presented to the membrane 
surface of said antigen presenting cell through the MHC class I pathway, wherein said 
presentation of said antigenic protein or protein fragment elicits an anti-tumor or anti- 
viral immune response in said host that destroys neoplastic or virally infected cells. 

30. The method of Claim 29 wherein said mammalian host is a 

human. 

31. The method of Claim 30 wherein direct injection is by 
subcutaneous injection. 

32. The method of Claim 31 wherein said recombinant DNA vector 
fragment expresses a tumor rejection antigen, viral antigen or antigenic protein 
fragment thereof. 

34. The method of Claim 32 wherein said antigen presenting cell 
resides within or migrates to the lymphoid tissue of said human host. 
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35. The method of Claim 34 wherein said tumor rejection antigen is 
selected from the group consisting of MAGE-1 and MAGE 3. 

36. The method of Claim 34 wherein said tumor rejection antigen is 

Melan-A. 

37. The method of Claim 34 wherein said tumor rejection antigen is 

gplOO. 

38. The method of Claim 34 wherein said tumor rejection antigen is 

p53. 

39. The method of Claim 34 wherein said tumor rejection antigen is 

CEA. 

40. The method of Claim 34 wherein said tumor rejection antigen is 

HER2/neu. 

41. The method of Claim 34 wherein said viral antigen is HIV 
gpl20, HIV gpl60. 

42. The method of Claim 34 wherein said viral antigen is Influenza 
virus nucleoprotein. 

43. The method of Claim 34 wherein said viral antigen is Hepatitis 
B surface antigen. 

44. An ex vivo method of treating a mammalian host capable of 
generating an immune response, which comprises: 

(a) generating a DNA fragment which expresses an antigenic 
protein or antigenic protein fragment; 

(b) distributing said DNA fragment on a particle surface, 
resulting in a particulate polynucleotide; 

(c) delivering said particulate polynucleotide to the 
cytoplasm of an antigen presenting cell of a mammalian host in vitro, such that said 
expressed antigenic protein or antigenic protein fragment is presented on the 
membrane surface of said antigen presenting cell through the MHC class I pathway,; 
and, 

(d) inoculating said mammalian host with said antigen 
presenting cell by direct injection, wherein presentation of said expressed antigenic 
protein or protein fragment on said antigen presenting cells of said hosts elicits an 
anti-tumor or anti-viral immune response that destroys neoplastic or virally-infected 
cells in said host. 
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45. The method of Claim 44 wherein said mammalian host is a 

human. 

46. The method of Claim 45 wherein direct injection is by 
subcutaneous injection. 

47. The method of Claim 46 wherein said recombinant DNA vector 
fragment expresses a tumor rejection antigen, viral antigen or antigenic protein 
fragment thereof. 

49. The method of Claim 47 wherein said antigen presenting cells 
resides within or migrates to the lymphoid tissue of said human host. 

50. The method of Claim 49 wherein said tumor rejection antigen 
selected from the group consisting of MAGE-1 and MAGE 3. 

51 . The method of Claim 49 wherein said tumor rejection antigen is 

Melan-A. 

52. The method of Claim 49 wherein said tumor rejection antigen is 

gplOO. 

53. The method of Claim 49 wherein said tumor rejection antigen is 

p53. 

54. The method of Claim 49 wherein said tumor rejection antigen is 

CEA. 

55. The method of Claim 49 wherein said tumor rejection antigen is 

HER2/nue. 

56. The method of Claim 49 wherein said viral antigen is HIV 
gpl20, HIV gpl60. 

57. The method of Claim 49 wherein said viral antigen is Influenza 
virus nucleoprotein. 

58. The method of Claim 49 wherein said viral antigen is Hepatitis 
B surface antigen. 

59. An ex vivo method of treating a mammalian host capable of 
generating an immune response, which comprises: 

(a) generating a DNA fragment which expresses a molecule 
which enhances the antigen presentation function of an APC; 

(b) distributing said DNA fragment on a particle surface, 
resulting in a particulate polynucleotide; 
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(c) delivering said particulate polynucleotide to the 
cytoplasm of an antigen presenting cell of a mammalian host in vitro, such that said 
antigen presentation enhancing protein is expressed; and, 

(d) inoculating said mammalian host with said antigen 
presenting cell by direct injection. 

60. The method of Claim 59 wherein said mammalian host is a 

human. 

61. The method of Claim 60 wherein direct injection is by 
subcutaneous injection. 

63. The method of Claim 61 wherein said antigen presenting cell 
resides within or migrates to the lymphoid tissue of said human host. 

64. The method of Claim 63 wherein said DNA vector fragment 
expresses a costimulatory molecule. 

65. The method of Claim 64 wherein said costimulatory molecule is 
selected from the group consisting of CD80 and CD86. 

66. The method of Claim 63 wherein said DNA vector fragment 
expresses a cytokine molecule. 

67. The method of Claim 66 wherein said cytokine molecule is 
selected from the group consisting of IL-12, IL-4 and IL-2. 

68. A method for transfecting an antigen presenting cell comprising: 

(a) distributing a DNA fragment which expresses an 
antigenic protein or fragment thereof on a particle surface, resulting in a particulate 
polynucleotide; 

(b) delivering said particulate polynucleotide to the 
cytoplasm of an antigen presenting cell, such that said expressed antigenic protein or 
fragment thereof is presented to the membrane surface of said antigen presenting cell. 

69. The method of Claim 68, wherein said delivering step occurs in 

vivo. 

70. The method of Claim 68, wherein said delivering step occurs in 

vitro. 

71. A method of inducing a CTL immune response in a mammalian 
host capable of generating an immune response, comprising the step of transfecting 
antigen presenting cells of said host in vivo with a DNA fragment which expresses an 
antigenic protein or fragment thereof, such that said antigenic protein or fragment 
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thereof is presented to the membrane surface of said antigen presenting cell through 
the MHC class I pathway and tumor cells are destroyed. 
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Delivery of antigen in a manner that induces effective, antigen-specific immunity is a critical 
challenge in vaccine design. Optimal antigen presentation is mediated by professional 
antigen-presenting cells (APCs) capable of taking up, processing and presenting antigen to 
T cells in the context of costimulatory signals required for T-cell activation. Developing 
immunization strategies to optimize antigen presentation by dendritic cells, the most 
potent APCs, is a rational approach to vaccine design. Here we show that cutaneous 
genetic immunization with naked DNA results in potent, antigen-specific, cytotoxic T 
lymphocyte-mediated protective tumor immunity. This method of immunization results in 
the transfection of skin-derived dendritic cells, which localize in the draining lymph nodes. 
These observations provide a basis for further development of DNA-based vaccines and 
demonstrate the feasibility of genetically engineering dendritic cells in vivo. 



The goal of vaccination is to induce antigen-specific immunity 
to protect the host. Current vaccines can elicit effective antibody 
responses. However, the induction of cytotoxic T-lymphocyte 
(CTL) responses has been problematic. CTLs are an important 
component of the immune response to virally infected cells and 
tumors. CTLs kill neoplastic cells through the recognition of 
antigenic peptides presented by MHC class I molecules on the 
surface of the tumor target 1 . These peptides are derived from 
tumor antigens that are synthesized by the affected cell and de- 
graded in the cytosol of the tumor target 2 . Although the 
recognition of peptide-class I complexes is sufficient to trigger 
target cell lysis, priming of CTL responses requires the presenta- 
tion of the relevant antigen by professional antigen-presenting 
cells (APCs) capable of providing costimulation. Attempts to in- 
duce tumor-specific CTL responses in vivo by immunization with 
killed tumor cells or component proteins have generally been 
unsuccessful, presumably because proteins in the extracellular 
fluids cannot enter the cytosol and access the MHC class I pre- 
sentation pathway. 

Genetic immunization has been shown to induce humoral 
and CTL-mediated immune responses in vivo 3 ' 9 . Through genetic 
immunization, the gene encoding a target antigen can be intro- 
duced into the cytoplasm of a cell, resulting in endogenous 
production of the antigen and presumably MHC class I access. 
Several in vivo gene transfer methods result in significant trans- 
gene expression, including retroviral or adenoviral mediated 
gene transfer and the direct injection of naked DNA. 

The mechanism of genetic immunization is unknown 10 . 
Humoral responses may be explained by the secretion of antigen 
from transfected somatic cells, or by release of antigen as a result 
of cell lysis. Exogenous proteins released in this fashion could be 
taken up and presented to CD4* T cells by APCs in the draining 
lymph nodes. 

The mechanism of presentation of genetically introduced anti- 
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gens to CD8* CTLs is less clear. One possible scenario is that 
transfected nonprofessional APCs could present the immunogen 
directly, as transfection would result in endogenous synthesis 
and MHC class I access. However, this model does not take into 
account the absence of costimulation, typically provided by pro- 
fessional APCs. Another possibility is that lysis of transfected 
cells results in the uptake and presentation of antigens associated 
with cellular debris via phagocytosis by professional APCs. 
Phagocytosis of antigens allows access to the MHC class I path- 
way in professional APCs and induction of antigen-specific, 
CTL-mediated tumor immunity" 12 . Similarly, it is possible that 
heat shock proteins could deliver peptides derived from antigens 
expressed in transfected cells to the MHC class I-restricted pre- 
sentation pathway of professional APCs (ref. 13). Finally, it is 
possible that the actual process of genetic immunization directly 
transfects professional APCs. This would result in endogenous 
production of antigen within professional APCs and class 1 pre- 
sentation in the context of appropriate costimulation for T-cell 
activation. Though genetic immunization can result in antigen 
expression by a variety of somatic cells (including myocytes 14 
and keratinocytes 15 ), the in vivo transfection of professional APCs 
has not been described. 

Biolistic delivery of naked DNA is a physical method of DNA 
delivery, facilitating controlled delivery of DNA without the use 
of viral vectors 16 . Using gene gun technology, a single cutaneous 
immunization with as little as 1 ug of DNA can result in signifi- 
cant levels of transgene expression 16 . Because the skin is rich in 
dendritic cells, we hypothesized that cutaneous bombardment 
with DNA using the gene gun would result in direct transfection 
of these cutaneous dendritic cells. In this study we sought to de- 
termine the capacity of cutaneous biolistic genetic 
immunization to elicit protective immunity to lethal tumor 
challenge and to investigate the mechanism of this form of ge- 
netic immunization. 
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Fig. 1 Immunization by cutaneous delivery of OVA encoding DNA 
induces OVA-specific CTLs. a, In vitro restimulated splenocytes 
from OVA-immunized mice were assayed for cytolytic function 
against the OVA-transfected lymphoma EC 7 (■) or the untrans- 
fected parent EL4 (A), b, Effector populations were incubated with 
complement alone (□) or with mAbs against CD4* (▲), CD8* (O), or 
Thy-1 .2* (•) lymphocytes and complement, then assayed for cy- 
tolytic activity against EC 7 targets. Results are reported as the means 
of triplicate cultures for the effector: target ratios listed. The s.e.m. of 
triplicate cultures was always less than 15% of the mean. 
Experiments were repeated three times with simitar results. 



Induction of tumor immunity 

To determine the potential of genetic immunization to induce 
protective tumor immunity, we utilized a tumor model consist- 
ing of the poorly immunogenic C57BL/6 mouse-derived 
melanoma B16 (ref. 17), and a subclone engineered to express 
the foreign antigen protein ovalbumin (OVA) 12 . Foreign antigen 
genes transfected into tumor cells behave like tumor anti- 



gens" 
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In this model, OVA functions as a defined model 
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tumor antigen. The OVA-transfected B16 subclone M04 endoge- 
nously synthesizes OVA and generates and presents the OVA 
peptide SIINFEKL with its surface class I molecule K" (ret*. 12). The 
expression of the OVA antigen does not significantly increase 
the immunogenicity of this tumor in vivo, as tumor growth and 
progression are similar to that of the untransfected parent 1 ". This 
type of model has been used by numerous investigators to evalu- 
ate tumor-specific immunity 15,1 *"". 

In initial experiments, we evaluated the capacity of biolistic 
immunization to induce antigen specific CTLs. Naive C57BL/6 
mice were immunized with a total of 2.00 ug of OVA encoding 
DNA delivered to the abdominal skin with two spatially overlap- 
ping pulses and boosted in an identical fashion 7 days later. In 
vitro restimulated spleen cells from these mice lysed the syn- 
geneic OVA-expressing murine thymoma EG7, but not the 
untransfected parent tumor EL4 (Fig. la). Thus, target cell lysis 
was antigen specific and dependent on expression of OVA by the 
tumor target. Depletion of T-cell subsets from the effector popu- 
lations using monoclonal antibodies demonstrated that lysis 
depended on Thy-r, CD8* subsets characteristic of MHC class I- 
restricted CTL effector cells (Fig. lb). 

In order to determine the capability of biolistic immunization 
in inducing protective tumor immunity, groups of mice that 
were immunized and boosted as described above were chal- 
lenged 7 days later by intradermal injection of the M04 or B16 
melanoma at a distant site. OVA-immunized mice were pro- 
tected from lethal tumor challenge, whereas tumors in control 
mice (immunized similarly, but with naked DNA encoding the 
irrelevant antigen (5-galactosidase) continued to grow and were 
uniformly lethal by day 34 (Fig. 2a). OVA-immunized mice were 
not protected from challenge with the untransfected parent 
melanoma B16 (Fig. 2b), indicating that protective immunity 
was antigen specific, depending on OVA expression by the 
tumor target. We evaluated the contribution of CD8* effector 
cells to this protective tumor immunity by depleting groups of 
immunized or control (/acZ-immunized) animals of CD8* effec- 
tor cells through repeated intraperitoneal (i.p.) injection of 
anti-CD8 monoclonal antibody before tumor challenge 1 -. 
Although OVA-immunized animals were protected from M04 
challenge, survival in immunized, CD8* T cell-depleted animals 
was similar to that observed in control animals, with or without 
T-cell depletion (Fig. 2, c and d). Therefore, CD8* T cells are es- 
sential for the protective tumor immunity induced by genetic 
immunization in this model. 



Fig. 2 Immunization by cutaneous delivery of OVA encoding DNA 
induces antigen-specific, CTL-mediated protection from lethal chal- 
lenge with the OVA expressing melanoma M04. Mice were geneti- 
cally immunized with OVA (■) or lad (□) and boosted 7 days later. 
Groups of immunized mice were challenged 7 days after the final 
immunization (day 0) with either the B1 6 melanoma (b) or the OVA 
expressing subclone M04 (o). Alternatively, immunized mice were 
divided into two groups, one of which was depleted of CD8* lym- 
phocytes by i.p. injection of anti-CD8 mAb 7 and 9 days after the 
last immunization. Intact (c) and CD8 + depleted (d) mice were then 
challenged 10 days after the final immunization (day 0) with M04. 
Survival was reported as the percentage of surviving animals. 
Animals surviving on day 60 had no sign of tumor growth. All exper- 
iments included five mice per group and were repeated at least 
three times. Mice that became moribund were killed according to 
animal care guidelines. 
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Transfection of dendritic cells in vivo 

To investigate the mechanism of immunization in this model, 
we immunized naive C57BL/6 mice with a total of 2.00 jag of 
plasmid DNA encoding the Lantern variant of the reporter gene 
for green fluorescent protein (GFP). This gene encodes a natu- 
rally fluorescent protein requiring no substrate for visualization. 
DNA-coated particulates were constructed and delivered by the 
same techniques used for OVA immunization. Draining lymph 
nodes of immunized mice were excised and sectioned 24 hours 
after immunization. Electron microscopic analysis revealed cells 
within the lymph nodes with dendritic cell form and structure 
that appeared to contain 1-um electron-dense particles (Fig. 3a). 
Serial sections demonstrated intracytoplasmic locale of the parti- 
cles (Fig. 3, b-d). To confirm expression of the delivered GFP 
genes, cytospins of single-cell suspensions from draining lymph 
nodes excised 24 hours after immunization were examined by 
fluorescence microscopy. Green fluorescence in cells from GFP- 
immunized mice indicated selective expression of GFP (Fig. 4a) 
in cells with dendritic cell form and structure. Differential inter- 
ference contrast imaging shows the positively staining cells to 
have a dendritic cell form and structure (Fig. 4b), consistent with 
the electron microscopic studies. Furthermore, gold particles 
could be detected in these cells quite easily under bright-field mi- 
croscopy (Fig. 4, b-d). Lymph node cells from control mice, 
identically immunized with particles coated with irrelevant plas- 
mid, contained particles but did not fluoresce (data not shown). 
Together, these results demonstrate expression of genetically in- 
troduced protein by particle-containing dendritic cells in the 
draining lymph nodes. 

Transfected dendritic cells are derived from the skin 

In order to determine the origin of the transfected dendritic 
cells, the shaved abdomens of naive mice were painted with rho- 
damine immediately before bioiistic immunization with GFP. 
This treatment labels cutaneous dendritic cells and facilitates 
analysis of cutaneous dendritic cell trafficking to the regional 
lymph nodes" 24 . Twenty-four hours after immunization, drain- 
ing lymph nodes were excised and sectioned for analysis. 
Clusters of skin-derived cells (red fluorescence) were evident 

ti:4 



Fig. 3 Presence of particles in dendritic cells within lymph nodes 
draining the site of immunization. Mice were immunized as de- 
scribed in Fig. 1. Animals were killed 24 hours later, and draining 
lymph nodes were harvested and processed as described in the 
Methods section and observed using a JEOL 1 00CX microscope, a, 
A dendritic cell containing a single gold particle within the cyto- 
plasm may be seen. Morphologic indices were used to confirm the 
identity of the cell; principally these are size, a paucity of cytoplasmic 
granules, and the presence of cytoplasmic veils. To confirm the cyto- 
plasmic locale of the gold particles, serial sections were cut. It can be 
seen in b-d that the presence of the gold particles continues 
throughout all three sections (separated by 1 50 nm). 



within the lymph nodes in the region of afferent lymph flow 
(Fig. 5a). Overlays of green fluorescence (GFP expression) re- 
vealed several double-positive ceils, demonstrating GFP 
expression in skin-derived dendritic cells within the draining 
lymph node (Fig. 5b). 

Discussion 

Genetic immunization is an attractive approach for the induc- 
tion of viral or tumor immunity. Vaccination with naked DNA 
can induce both humoral and cell-mediated immune responses 
and protection against viral infection or tumor challenge. Naked 
DNA-based vaccines offer several potential advantages over viral 
mediated transduction' 10 . Among these is the potential for rapid 
and inexpensive production of large-scale DNA preparations. 
Such vaccine preparations can be prepared with relative purity 
and would be significantly more stable than current protein- 
based vaccines. Furthermore, the use of naked DNA vaccines 
would be inherently safer than viral mediated gene transfer, par- 
ticularly in a potentially immunocompromised host. In 
addition, the use of naked DNA would eliminate immune re- 
sponses to viral carriers, which can result in rapid elimination of 
transduced cells or limit the effectiveness of readministration. 

Genetic immunization induces tumor-specific immunity. 
Several studies have shown that immunization with naked DNA 
against either natural or model tumor antigens can induce im- 
munity to tumors expressing the antigen gene. A variety of 
strategies are being investigated to optimize this form of immu- 
nization. Recently, Conroy et al. have shown that predelivery of 
DNA encoding granulocyte-macrophage colony-stimulating 
factor (GM-CSF) augmented carcinoembryonic antigen (CEA)- 
specific immunity induced by cutaneous particle bombardment 
with CEA encoding DNA (ref. 25). In another variation, Ciernik 
et al. have shown that bioiistic genetic immunization with a 
minigene encoding a single epitope from mutant p53 targeted to 
the endoplasmic reticulum was partially able to protect mice 
from p53-expressing tumors". Furthermore, Irvine et al. have 
shown regression of (i-galactosidase-expressing tumors when 
gene gun immunization with the gene encoding P-galactosidase 
is carried out in combination with adjuvant cytokine therapy^. 

Current attempts to optimize naked-DNA immunization are 
proceeding without a clear understanding of the mechanism of 
this form of immunization. In this report, we address the mecha- 
nism of bioiistic cutaneous genetic immunization. This method 
of naked-DNA immunization has been shown to be several times 
more efficient than other forms of inoculation". We hypothe- 
sized that the effectiveness of this method may be in part due to 
the presence of significant numbers of dendritic cells in the tar- 
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get tissue. The skin is rich in dendritic 
cells, and these dendritic cells are capa- 
ble of migrating to the regional lymph 
nodes where they exhibit potent APC 
function" 1 ' 1 . 

Our results demonstrate that biolistic 
genetic immunization induces potent 
antigen-specific CTL responses and 
antigen-specific, CTL-dependent protec- 
tive tumor immunity. To show this we 
have used the nonimmunogenic murine 
melanoma B16 and a transfected sub- 
clone expressing the model tumor 
antigen OVA. The expression of the OVA 
antigen does not significantly increase 
the immunogenicity of this tumor in 
vivo, as tumor growth and protection are 
similar to that of the untransfected par- 
ent 12 . In our model OVA is endogenously 
synthesized by the transfected mela- 
noma, and the SIINFEKL epitope is 
generated and presented with the class I 
molecule K b on the surface of transfected 
cells'*. In this respect, the nonself anti- 
gen OVA behaves as do many "natural" 
tumor antigens that are derived from 
viruses or mutated "altered-self" host 
proteins. It should be noted, however, 
that several identified tumor antigens are 
derived from nonmutated self antigens 
and that additional investigations will be 
needed to determine whether conclu- 
sions derived from nonself models are as 
applicable to such "autoantigens." 
Nevertheless, because the biology of the 
processing and presentation of antigen 
in this model is the same as that of many 
naturally occurring nonself tumor anti- 
gens, results from this model should be 

applicable to a wide variety of human tu- 

mors. The use of this well-defined model 
and others like it 18 " 21,27 is important for studies designed to define 
and optimize critical parameters for tumor immunization and 
will also facilitate direct comparisons between alternative immu- 
nization strategies 12 ". 

Mechanism of biolistic genetic immunization. Our results 
show that biolistic cutaneous genetic immunization results in 
the presence of bombarded projectiles in the cytoplasm of den- 
dritic cells in the draining lymph nodes. Identical delivery of 
DNA encoding the marker protein GFP demonstrates that intro- 
duced genes can be expressed as proteins by particle-containing 
dendritic cells in the lymph nodes. This is the first demonstra- 
tion of in vivo transfection of dendritic cells that we are aware of. 
That these dendritic cells are skin-derived is demonstrated by the 
presence of double-stained skin-derived dendritic cells (red 
fluorescence) expressing GFP (green fluorescence) in tissue 
sections of the draining lymph node. 

In combination, the data presented here support the hypothe- 
sis that biolistic immunization results in delivery of DNA to cuta- 
neous dendritic cells. Thereafter, transfected dendritic cells 
migrate to draining lymph nodes, as they do for the presentation 




Fig. 4 Expression of introduced protein by genetically engineered, particle-containing den- 
dritic cells in the draining lymph nodes. Mice were immunized as described in Fig. 1 except 
that particles were coated with the pGREEN LANTERN-1 plasmid (Gibco BRL), which contains 
the "humanized" reporter gene encoding GFP from the Aequorea victoria jellyfish. GFP is a nat- 
urally fluorescent protein. Draining lymph nodes were excised 24 h after immunization. 
Cytospins of lymph nodes were used to detect GFP-positive cells by fluorescence microscopy as 
described in Methods. Observation was with a Nikon photomicroscope using a 60X 1 .4NA 
plan-apochromatic objective, a, The green fluorescent protein image is shown, signal from 
the GFP is clearly restricted to the ceils central within the field (arrows), b, The differential in- 
terference contrast microscope image of the same fields shows the two cells to be dendritic (ar- 
rows), surrounded by smaller round lymphocytes, b, inset, At higher power gold particles 
may be visualized, c, The presence of the gold particles is more clearly detected using bright- 
field imaging (arrows), d and e, In fact, gold particles are detected in both GFP-positive cells 
at different focal planes (scale bar, 1 0 mm). Similarly prepared sections from naive animals do 
not demonstrate these distinctly colored, uniform beads. 



of protein and hapten antigens. Endogenously synthesized anti- 
gen can access the MHC class I-restricted pathway of transfected 
dendritic cells and can be presented to T cells in the lymphoid 
tissue with appropriate costimulatory signals for T-cell activa- 
tion. Our studies do not rule out the possibility that DNA-coated 
beads may travel through the lymphatics to the lymph nodes 
where they may be directly captured by resident dendritic cells. 
In this regard, recent studies suggest that immature dendritic 
cells capable of particulate phagocytosis exist in the hepatic 
lymph and spleen 2 *, and our previous studies and others 1 " 2 sug- 
gest that subcutaneously administered particle-associated anti- 
gens can access the cytosoi of phagocytic cells through a 
phagosome-to-cytosol pathway in vivo. It is unclear whether in 
vivo administered particle-bound naked DNA could survive traf- 
ficking to the lymph nodes, uptake by resident dendritic cells, 
and endosomal transport and escape and still be functionally ex- 
pressed. We believe this would be unlikely in this system, as DNA 
coated onto gold beads by this method is rapidly solubilized in 
aqueous media with greater than 95% of the DNA dissociating 
from the beads in less than 3 min (data not shown). It is possible 
that such solubilized DNA may traffic to the regional lymph 
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nodes and be taken up and expressed 
by resident dendritic cells indepen- 
dently of the beads, but it is unlikely 
that this mechanism alone would ac- 
count for the colocaiization of gene ex- 
pression and particles within cells, the 
transfection of skin-derived dendritic 
cells, and the high efficiency of trans- 
fection we observe. 

In common with previous reports 1415 , 
we also observe antigen expression in 
nonprofessional APCs at the site of im- 
munization (data not shown). It is 
possible that antigen released by these 
cells could indirectly be taken up by 
APCs and subsequently presented to T 
cells as well. Elegant studies by Huang et 
ai demonstrate that CTL induction by 
such "cross-priming" alone would re- 
quire some mechanism for antigen 
access to the TAP-dependent classical 
MHC class I-restricted processing path- 
way* The direct transfection of 
dendritic cells would explain the re- 
markable efficiency of this form of 
immunization. 

It is unclear whether CTL induction 
by genetic immunization is helper ceil 
dependent. These studies demonstrate 

that CD8* CTLs are the predominant 

effector cells in the protective tumor ' 
immunity we observe, but do not address the role of CD4* T 
cells in CTL induction. Dendritic cells have an exceptional abil- 
ity to stimulate naive CD4* T cells, and several studies have 
shown that cutaneous biolistic genetic immunization elicits 
helper cell-dependent antibody responses'*" presumably by 
MHC class II-restricted presentation of exogenous antigen re- 
leased from transfected cells 10 . Recent studies suggest that 
induction of CTLs by dendritic ceils pulsed with MHC class I-re- 
stricted peptides requires the presentation of MHC class 
ll-restncted epitopes and activation of CD4* T cells 1031 In con 
trast, studies by Ciernik et ai have shown induction of CTLs by 
gene gun immunization with DNA encoding only a class I-re- 
stricted T-cell epitope- Although the OVA construct used in 
our studies includes CD4* T-cell epitopes, our experiments do 
not directly address whether CTL induction is helper cell depen- 
dent in this model. F ? 

Currently there is significant interest in the potential use of 
dendritic cells as adjuvants for immunization. Dendritic cells can 
be expanded in vitro, loaded with diverse forms of antigens in- 
cluding peptides, proteins, and antigen-encoding genes, and 
rejected into the host— Our results demonstrate that den- 
dntic cells can be transfected in vivo, potentially obviating the 
need for ,„ vitro expansion, manipulation and reinfusion. This 
finding also raises the possibility that dendritic cells could be en- 
gineered ,„ vivo, through the genetic cointroduction of antigens 
and immunoregulatory molecules, to induce or suppress anti- 
gen-specific immune responses in the host. 

Methods 

Mice and cell lines. Female C57BL/6 mice, 5-8 weeks old were 
purchased from the )ackson Laboratories (Bar Harbor, Main^* 
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a C57BL/6 T lymphoma, and EC 7 is a chicken egg ovalbumin (OVA)- 
ransfected subclone of EL4 (ref. 21, kindly provided by 
Bevan >- The C57BL/6-derived murine melanoma B16 (ref 1 7) 
was obtained from the American Type Culture Collection [(ATCC) 
RockvHIe, Maryland]. M04 was constructed by transfection of B16 
with the pAc-neo-OVA plasmid as described". Monoclonal antibod- 
ies were prepared from the hybridomas GK1.5 (anti-CD4 ATCC 
til (ant, '- CD8 < ATCC ™-210) or 30-H12 (anti-Thy-1 2, 
ATCCTIB-107). Ascites containing anti-CD8 antibodies was raised in 
BALB/c nu/nu mice by i.p. injection of CK1.5 cells (3 x 10 4 ) and in- 
complete Freund's adjuvant (0.5 ml per mouse). 

Genetic immunization. Genetic immunization was accomplished 
by biolistic bombardment using methods similar to those recently 
described". Briefly, DNA-coated gold particles were prepared by 
combining 50 mg of 0.95 urn gold beads and 100 \x\ of 0 1 M sper- 
midine and sonicating for 5 s. Plasmid DNA (100 fig) and CaCI 
(200 nl) were added sequentially to the beads spinning in a vortex 
mixer. This mixture was allowed to precipitate at room temperature 

m ' n ' The bead P re P arati °" was then centrifuged 
(10,000 r.p.m. for 30 s) and washed 3 times in cold ethanol before 
resuspens.on in 7 ml of ethanol to give a final concentration of 7 mg 
gold per milliliter. The solution was then loaded into Tefzel tubing 
(Agracetus, Middleton, Wisconsin) and allowed to settle for 5 min 
The ethanol was removed and the beads were attached to the sides 
of the tubing by rotation at 20 r.p.m. for 30 s and N, dried. The dry 
tubing lined with beads was then cut into 0.5-inch sections and 
stored for use with desiccant in parafilm-sealed vials. Animals were 
vaccinated by delivery of two shots (each shot consisted of 0.5 mg 
gold beads in 0.5 inch of tubing) to the shaved abdominal region 
using the Accell gene delivery device (Agracetus) at a discharge pres- 

NATURE MEDICINE. VOLUME 2. NUMBER 10. OCTOBER 1W6 



f 



ARTICLES 



sure of 400 p.s.i. This delivers approximately 1 .00 ng/DNA per shot. 
Animals were immunized with either the pAc-neo-OVA plasmid" or 
the plEglacZ plasmid (kindly provided by L Huang), which contains 
the iacZ gene under the control of the CMV promoter. In some ex- 
periments, mice were immunized as described except that particles 
were coated with the pCREEN LANTERN-1 plasmid (Cibco BRL, 
Gaithersburg, Maryland), which contains the "humanized" reporter 
gene encoding GFP from the Aequorea victoria jellyfish. This gene 
encodes a naturally fluorescent protein requiring no substrates for 
visualization. 

Cytotoxicity assays. Splenocytes from immunized animals were res- 
timulated with minor modifications of previously described 
protocols' 2 . Briefly, 1 week after immunization, splenocytes (30 x 
10 6 ) were restimulated by coculture with irradiated (20,000 rad) 
EG 7 cells (10 x 10 6 ). Effector cells were harvested 5 days later and 
cultured with 2 x 10 4 s 'Cr-labeled targets in round-bottom microw- 
ells (200 uJ) at the indicated effectortarget cell ratio. In some cases 
the effector cells were depleted of T-cell subsets using mAb plus 
complement before assay as described 22 . After 4 h at 37 °C, 100 \x\ 
supernatant from triplicate microcultures was collected and 
counted, and the percentage of specific release was calculated as 
described' 2 . Results are reported as the mean of triplicate cultures. 
The s.e.m. of triplicate cultures was always less than 1 5% of the 
mean. 

Protection assays. C57BL/6 mice were immunized as described 
with the indicated antigen-gene construct. Animals were chal- 
lenged with tumors and evaluated for tumor survival as described' 2 . 
Briefly, 7 days after the final immunization (day 0), OVA-immunized 
or /ccZ-immunized animals were challenged by intradermal injec- 
tion in the mid-flanks bilaterally with melanoma cells (2 x 10 4 ) at 
two times the dose lethal to 50% of the animals tested (LD S0 ). 
Survival is recorded as the percentage of surviving animals. 
Melanoma cells for injection were washed three times in PBS. 
Injected cells were greater than 95% viable by trypan blue exclu- 
sion. All experiments included five mice per group and were 
repeated at least three times. Mice that became moribund were 
killed according to animal care guidelines of the University of 
Pittsburgh Medical Center. In some experiments, animals were de- 
pleted of CD8* cells. This was accomplished by i.p. injection of CD8 
mAb (2.43) 7 and 9 days after immunization as described, followed 
by tumor challenge on day 1 0 (ref. 1 2). 

Electron microscopy. For electron microscopy, 24 h after immu- 
nization animals were killed, and draining lymph nodes were 
harvested and fixed in 2.5% glutaraldehyde for 1 h. Following fixa- 
tion, nodes were washed in PBS, diced into 1 -mm cubes, postfixed 
for 1 h in 1% aqueous osmium tetroxide, dehydrated through 
graded alcohols and embedded in Epon (Energy Beam Sciences, 
Waltham, Massachusetts). Following embedment, thin (60-nm) sec- 
tions were cut using a Reichert Ultracut S (Leica, Chicago, Illinois) 
microtome, mounted on copper grids, counterstained with 2% 
uranyl acetate (7min) and 1% lead citrate (2 min), dried and ob- 
served using a JEOL 100CX microscope (jOEL, Chicago, Illinois). 
Morphologic indices were used to confirm the identity of the cell, 
principally these are size, a paucity of cytoplasmic granules, and the 
presence of cytoplasmic veils. To confirm the cytoplasmic locale of 
the gold particles, serial sections were cut (separated by 1 50 nm). 

Fluorescence microscopy. Mice were immunized as described in 
Fig. 1 except that particles were coated with the pGREEN LANTERN- 
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1 plasmid, which encodes GFP. Draining lymph nodes were excised 
24 h after immunization. 

Cytospins of lymph nodes were used to detect GFP-positive ceils 
by fluorescence microscopy. Cells were centrifuged at 500 r.p.m. for 
5 min, and mounted directly in an aqueous mounting medium 
(Gelvatol, Monsanto). Observation was with a Nikon FXL (Chicago, 
Illinois) photomicroscope using a 60X 1 .4NA plan-apochromatic ob- 
jective. All images were collected digitally using a Sony 3 chip color 
camera. In the case of fluorescence images, three individual frames 
were integrated to obtain an optimally contrasted image. 

In order to detect the presence of skin-derived dendritic cells and 
the presence of GFP within these cells, lymph nodes from mice 
painted with rhodamine immediately before immunization were 
harvested, fixed in 2% paraformaldehyde in PBS, cryoprotected in 
30% sucrose, and shock frozen, Cryosections (5 urn) were cut 
through the belly of the node, mounted on Superfrost slides (Fisher, 
Pittsburgh, Pennsylvania) and kept frozen until observation. 
Following removal from the cryostat chamber, sections were imme- 
diately mounted and observed, as described above. At low power, 
the skin-derived cells within the node are detected with a rhodamine 
cube set. 
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Decisions 
of the 
United States Courts 
and of the 

United States Patent and Trademark Office 

in 

Patent, Trademark, and Copyright Cases 



Court of Appeals, Federal Circuit 

In re Sernaker 

No. 82-579 
Decided Feb. 28, 1983 

PATENTS 

1. Claims — Dependent (§20J5) 

Dependent claims, patentability of which 
were not argued separately, stand or fall with 
independent claims. 

2. Patentability — Anticipation — Com- 

bining references (§51.905) 

Assuming that all prior art references are 
sufficiently related to one another and to 
related and common art that hypothetical 
person skilled in art must be presumed to be 
Familiar with all of them, next questions as to 
whether Board of Appeals correctly deduced 
obviousness from prior art are whether com- 
bination of teachings of all or any of refer- 
ences would have suggested, expressly or by 
implication, possibility of achieving further 
improvement by combining such teachings 
along line of invention in suit, and whether 
claimed invention achieved more than combi- 
nation that any or all of prior art references 



suggested, expressly or by reasonable 
implication. 

3. Court of Appeals for the Federal Cir- 

cuit — Pleading and practice (§2637) 

CCPA cases reviewing decisions of Board 
of Appeals under Section 103 are binding 
precedents in CAFC, as much as CAFCs 
cases will be; none can be treated as discredit- 
ed merely because expressions in them can be 
taken out of their context and construed as in 
conflict with expressions in other cases. 

4. Patentability — Anticipation — Modi- 

fying references (§51-217) 

Patentability — Evidence of — Sugges- 
tions of prior art (§51.46?) 

It is not necessary that prior art suggest 
expressly or in so many words changes or 
possible improvements inventor made; it is 
only necessary that he apply knowledge dear- 
ly present in prior art. 

5. Patentability — Anticipation — Com- 

bining references (§51.905) 

Lesson of In re Imperator, 179 USPQ730, 
is that prior art references in combination do 
not make invention obvious unless something 
in prior art references would suggest ad van - 



1 



2 
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217 USPQ 



tagc to be derived from combining their 
teachings. 

6. Patentability — Evidence of — In gen- 

eral (§51.451) 

Secondary considerations that Supreme 
Court stated might be of possible utility in 
obviousness determination, Graham v. John 
Deere Co., 148 USPQ 466-7, require nonob- 
viousness finding if matter is otherwise 
doubtful. 

7. Board of Appeals — Issues determined 

(§1930) 

Patentability — Evidence of — In gen- 
eral (§51.451) 

Board of Appeals must always consider, in 
connection with obviousness determination, 
evidence relating to secondary considerations 
that applicant properly presented. 

8. Patentability — Evidence of — Com- 

mercial success — Causes (§51.4555) 

Fact that prior art references relied on had 
not been available to inventor very long and 
things were moving fast in that industry 
might justify thought that want filled by in- 
vention had not been felt very long, but it does 
not wholly justify ignoring secondary consid- 
erations that speak with unusual eloquence. 

9. Affidavits — Distinguishing from refer- 

ences (§12.7) 

Patent Rule 116(b) allows examiner to 
admit affidavit that attests to uniqueness of 
invention after his final action upon showing 
of good cause. 

10. Affidavits — In general (§12.1) 

Board of Appeals — Procedure and 
practice (§19.45) 

Pleading and practice in Patent Office 
— Rules effect (§54.9) 

Under Patent Rule 195, Board of Appeals 
has power to admit affidavit attesting that 
invention has met with great commercial suc- 
cess, helped revitalize depressed industry, and 
introduced new item into marketplace not 
previously presented upon showing of good 
cause. 

11. Patentability — Evidence of — Com- 
mercial success — In general 
(§51.4551) 

Notion that Board of Appeals' bare compli- 
ment of appellants' device as "extremely at- 
tractive" implies assignment of weight to ap- 
pellant's commercial success evidence is 
rejected, since to accept this notion would 
shrink meaning of phrase "secondary consid- 
erations" beyond belief. 



Particular patents — Emblem 
Sernaker, Embroidered Transfer and 

Method of Making, rejection of claims 

reversed. 



Appeal from Patent and Trademark Office 
Board of Appeals. 

Application for patent of Howard Ser- 
naker, Serial No. 916,018, filed June 15, 
1978. From decision rejecting claims 1-6 and 
8-11, applicant appeals. Reversed; Davis, 
Circuit Judge, concurring in part and concur- 
ring in the result, with opinion. 

Michael F. Petock, Philadelphia, Pa., for 
appellant 

Fred W. Sheriing (Joseph F. Nakamura, on 
the brief) for Patent and Trademark 
Office. 

Before Davis, Circuit Judge, Cowen, Senior 
Circuit Judge, and Nichols, Circuit Judge. 

Nichols, Circuit Judge. 

This case is before us on appeal from the 
decision of the Patent and Trademark Office 
Board of Appeals (board). In a 2-1 decision, 
the board affirmed the examiner's rejection, 
under 35 U.S.C. § 103, of claims 1-6 and 
8-11 in appellant's application serial No. 
916,018, filed June 15, 1978, entitled "Em- 
broidered Transfer and Method of Mark- 
ing." These claims comprise all the claims in 
the case. We reverse. 

L 



Background 

A. The Invention 

Appellant has invented a type of embroi- 
dered emblem and a method of making the 
same. Claims 1 and 10, the only independent 
claims in appellant's application, are repre- 
sentative of the method and of the emblem, 
respectively: 

1. A method of making an embroidered 

transfer or emblem comprising the steps of: 

(a) embroidering a pattern on a portion 
of a substrate while using thread free from 
oil and with said thread being of a single 
color and in an amount so that a portion of 
the pattern is sculptured by having a great- 
er thickness that another portion of the 
pattern, 

(b) separating the pattern and its associ- 
ated substrate portion from the remainder 
of the substrate, 
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Background 
Invention 

dlant has invented a type of embroi- 
snblem and a method of making the 
Saims 1 and 10, the only independent 
in appellant's application, are reprc- 
e of the method and of the emblem, 
*dy: 

A method of making an embroidered 
fer or emblem comprising the steps of: 
1 embroidering a pattern on a portion 
ubstrate while using thread free from 
id with said thread being of a single 
and in an amount so that a portion of 
ittern is sculptured by having a great- 
ideness that another portion of the 
"n. 

separating the pattern and its assori- 
nibstrate portion from the remainder 
: substrate, 



(c) providing a transfer print on paper 
with a dyestuff of at least two different 
colors and capable of subliming under heat 
and pressure or vacuum, 

(d) registering Dortions of the print with 
mating portion of said pattern, 

(e) transferring color from said print as a 
gas to the warp side of the pattern while 
applying sufficient heat to sublime said 
dyestuff. 

10. An embroidered transfer emblem 
comprising an embroidered pattern on one 
side of a substrate whose size corresponds 
to the size of the pattern with thread of a 
single color which is free of needle oil, 
portions of the pattern having a sculptured 
effect by an increased number of thread 
stitches, at least two colors of dyestuff 
printed on the thread stitches defining said 
portions and on other portions of the pat- 
tern, said colors being in registry with said 
sculptured portions of said pattern with at 
least one of said printed portions induding 
printing outlining a configuration on a por- 
tion of said pattern, and said colors being 
printed on the warp side of said pattern. 
[1J The remaining daims are either depen- 
dent on method daim 1 (daim 2-6) or on 
artide claim 10 (daims 8, 9 and 11). For 
example, daim 2 defines a method in accor- 
dance with daim 1 of "applying a thermo- 
plastic adhesive to the shuttle side of the 
thusly printed pattern." Since neither of the 
parties argues separately the patentability of 
each of the rejected daims, the dependent 
claims will stand or fall with independent 
claims 1 and 10. In re Burckel, 592 F.2d 
1175, 1178-79, 201 USPQ 67, 70 (CCPA 
1979). 

The claim language includes several key 
phrases that we should define at the outset. 
When the inventor uses "registering" and "in 
registry," he appears by the context to mean 
pladng or placed in correspondence. A "sub- 
strate" literally means a basis on which an 
organism lives, as a plant on the soil. Another 
common definition of the term in srientific 
circles is any solid surface on which a coating 
or layer of different material is deposited. 
Under both definitions, application to an em- 
broidery is an understandable analogy. 

The record indudes samples of the "em- 
blems" made by the daimed method, as com- 
pleted, and in intermediate stages. As com- 
pleted, the "emblems" are justly characterized 
by the board as "extremely attractive." They 
are apparently badges affixed to garments to 
convey messages about the loyalties, affili- 
ations, tastes, and preferences of the wearer. 
Would that we judges had something of the 
sort to brighten up our robes! 



The emblem produced by appellant's 
method resembles an emblem initially em- 
broidered with different colored threads. Ap- 
pellant's method, however, drcumvents the 
need to embroider the desired pattern with 
these different colored threads. Rather, a 
manufacturer following appellant's method 
first embroiders the pattern with thread of 
one color on a substrate, separates the em- 
broidery and its assodated substrate from the 
rest of the substrate, and then essentially dyes 
the threads different colors by use of a trans- 
fer print. Such a transfer print consists of two 
or more dyestuffs on a piece of paper ar- 
ranged in a pattern mirroring in shape or 
"mating" the pattern of the embroidery. By 
pladng the transfer print over the embroidery 
so that the dyestuffs face the embroidery and 
match its pattern, and then by applying heat 
and pressure or vacuum conditions, the dyes- 
tuffs on the paper will sublime and then 
adhere to the matching portion of the 
embroidery. 

Before appellant's invention, a manufac- 
turer would use the Shiffli embroidery ma- 
chine alone to mass produce embroidery. This 
large machine, however, cannot stitch thread 
of more than one color at a time. Thus, to 
create multicolored patterns, the machine 
would be shut down after each separate color 
had been embroidered so its 684 needles could 
be rethreaded with the next color thread. 
Since each rethreading procedure takes about 
45 minutes, the number of different colors 
that were commercially feasible to use in a 
single emblem was limited. With appellant's 
invented method, on the other hand, a manu- 
facturer can produce an emblem of many 
colors because he needs not rethread the ma- 
chine anew for each desired color. Instead, 
only one color (usually white) is used for the 
entire embroidered pattern, and then the pat- 
tern is dyed different colors with one multico- 
lored transfer prim. 

B. The References 

The references relied upon by the board 
are: 

Haigh 3,657,060 April 18, 1972 

Cox 3,974,010 August 10, 1976 

Sernaker 4,092,451 May 30, 1978 

British patent 1,243.223 August 18. 1971 

Miles, L.W.C., Journal of the Soriety of 
Dyers and Colorists, May 1977, pages 
161-163. 

Vellins, British Knitting Industry, Vol. 
46, No. 524, January 1973, pages 45, 46, 
48, 50, 53, 55, 57, 59, 63, 65, 67, and 69. 

The Butterick Fabric Handbook, Pub- 
lished by Butterick Publishing, A Division 
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of American Can Company, New York, 
New York, 1975, pages 99, 100, 119-121, 
and 142. 

The British patent discloses a process of 
transfer printing on all types of textile articles 
regardless of their fibers, and a like process of 
printing on a variety of non-textile articles. 
With respect to transfer printing on textile 
articles, the British patent recites a general 
line of materials to which the process may be 
applied: 

* • * (FJIeeces or webs of non-woven fi- 
bers, textile threads, woven webs, knitted 
material, lace, spongy material in sheet 
form or already shaped, or even made up 
articles of dothing. 

[British, page 1, lines 68-72.) 
The British patent does not specifically men- 
tion embroidery as an article susceptible to 
transfer printing. This patent does, however, 
teach that a multicolored- design may be 
transferred to textile articles, generally, from 
a transfer print: 

* * * (Sjeveral dyes of different colours can 
be applied on the same support {of the 
transfer print], these dyes being either inti- 
mately mixed or distributed in order to 
form the designs which are to be trans- 
ferred to the textile articles. 

[British, page 2, lines 44-4$, emphasis 
supplied.] 

The Miles reference teaches that transfer 
printing can be done on a variety of sub- 
strates, such as susbstrates of polyester and of 
carpet tile. Miles specifically states that when 
transferring designs from a paper transfer 
print to fiber, perfect contact is not necessary 
because of the vapor state of the dye when it 
transfers. Although Miles exhibits an aware- 
ness of embroidery procedures, he does so in 
the context of describing the transfer of em- 
broidered patterns onto nonembroidered sur- 
faces; Miles does not teach transfer printing 
on embroidery itself. Vellins not only teaches 
transfer printing on a variety of textile sub- 
strates (including carpet), but also teaches the 
deleterious effects of transfer printing on a 
polyester substrate that contains lubricating 
oil and other such substances. 

The remainder of the references concern 
various embroidery techniques and methods 
of producing embroidered emblems, rather 
than teachings about transfer printing. But- 
terick reveals that white-on-white embroi- 
dery, such as embroidery decoration on a 
white tabledoth, is commonly made. Butter- 
ick also teaches that designs formed in lace 
can be outlined with embroidery stitching; 
Butterick defines this entire piece of lace as 
"re-embroidered lace." 

The Haigh patent discloses an embroidered 
emblem comprised of an embroidered design 



stitched onto a woven fabric backing material 
with an embroidered border, and a thermo- 
plastic adhesive bonded to the other side of 
the backing material. 
The Cox patent discloses a method of prel 

Caring articles of "aetzed" embroidery where- 
y a design is embroidered directly onto a 
backing of thermoplastic material, the design 
and backing are ironed onto a transfer strip, 
and then the transfer strip is removed taking 
with it all parts of the backing not in contact 
with the embroidery. Embroidery is "actzed" 
when heat is used to remove the portions of a 
backing not in contact with embroidery stitch- 
es, so that the embroidered design is left 
hanging together like lace. The portions of 
thetl tiermoi plastic backing that remain in con- 
tact with the embroidery become absorbed or 
melted into the embroidery as a result of the 
ironing and serve to improve the bonding of 
the embroidery stitches and to give the em- 
broidery more body. This improved bonding 
eliminates the need for underlay and interlock 
stitches, which would otherwise provide such 
additional bonding. 

The Sernaker patent, issued to appellant in 
this case, discloses an embroidered transfer 
wherein a pattern is embroidered onto one 
side of a diaphanous material with the Schif- 
fli machine, and a layer of adhesive is applied 
to the other side of this material. When this 
transfer is ironed onto a. base fabric, the 
diaphanous material melts into the fabric and 
disappears from view; the transfer thus as- 
sumes the appearance of a pattern that is 
directly embroidered onto the base fabric 

C. The Rejection 

The board affirmed the examiner's rejec- 
tion of claims 1, 4-6, and 9-11 1 under 35 
U.S.C. § 103 as obvious in view of British 
taken with Miles, Vellins, and Butterick. The 
board also affirmed the rejection of daims 2, 
3, and 8 for the same reasons and further in 
view of Cox or Haigh and Sernaker. The 
board took the position that appellant's inven- 
tion in essence consisted of two known ele- 
ments or procedures: (1) the transfer printing 
of multi-colored designs from a paper strip 
onto various types of substrates, including 



' In Part II, 4 of the examiner's final rejection 
dated December 3, 1979, the examiner rejected 
appellant's claims 1-6, and 8-1 1. In the portion of 
this letter articulating the reasons for the rejection 
(PL II, 12), however, the examiner inadvertently 
omitted claim 1 1 from his discussion of the group of 
claims to which it belonged. The omission was a 
typographical error. The board corrected this error 
when it discussed the examiner's rejection of daims 
1,4-6, and 9-11. 



217 USPQ 



217 USPQ 



In re Sernaker 



ted onto a woven fabric backing material 
an embroidered border, and a thermo- 
k adhesive bonded to the other ride of 
tacking material. 

be Cox patent discloses a method of pre- 
tg articles of "adzed" embroidery where- 
. design is embroidered directly onto a 
ing of thermoplastic material, the design 
backing are ironed onto a transfer strip, 
then the transfer strip is removed taking 
it all parts of the backing not in contact 
the embroidery. Embroidery is "aetzed" 
I heat is used to remove the portions of a 
bag not in contact with embroidery stitch- 

0 that the embroidered design is left 
tQg together like lace. The portions of 
bermoplastic backing that remain in con- 
rith the embroidery become absorbed or 
id into the embroidery as a result of the 
og and serve to improve the bonding of 
mbroidery stitches and to give the em- 
ery more body. .This improved bonding 
nates the need for underlay and interlock 
es, which would otherwise provide such 
ional bonding. 

le Sernaker patent, issued to appellant in 
case, discloses an embroidered transfer 
ein a pattern is embroidered onto one 
if a diaphanous material with the Schif- 
ichine, and a layer of adhesive is apptied 
e other side of this material. When this 
fer is ironed onto a base fabric, the 
lanous material melts into the fabric and 
pears from view; the transfer thus as- 
s the appearance of a pattern that is 
tly embroidered onto the base fabric 

C. The Rejection 

le board affirmed the examiner's rejec- 
of claims 1, 4-6, and 9-11 1 under 35 

1 § 103 as obvious in view of British 
i with Miles, Vellins, and Butterick. The 
I also affirmed the rejection of claims 2, 
d 8 for the same reasons and further in 
of Cox or Haigh and Sernaker. The 
I took the position that appellant's inven- 
in essence consisted of two known ele- 
i or procedures: (1) the transfer printing 
ulti-colored designs from a paper strip 
various types of substrates, including 



. Part II, 4 of the examiner's final rejection 
December 3, 1979, the examiner rejected 
Eant's claims 1-6, and 8-11. In the portion of 
<ter articulating the reasons for the rejection 
I, 12), however, the examiner inadvertently 
d daim 1 1 from his discussion of the group of 
i to which it belonged. The omission was a 
raphical error. The board corrected this error 
it discussed the examiner's rejection of claims 
.and 9-11. 



fabrics, and (2) the making of embroidered 
transfers or emblems by stitching a pattern of 
different colored threads onto a substrate. 

After noting that appellant had admitted 
that both of these elements were known in the 
prior art, the board characterized the manner 
in which appellant combined them to make a 
novel article in the following way: "A sub- 
strate is stitched with a single colored or 
white thread and then dyed in the form of a 
design by transfer printing." Transcript at 
75. In the subsequent analysis of the cited 
references, the board treated various aspects 
of the appellant's claims as either taught by 
the references concerning transfer printing or 
those concerning emblem-making. The board 
thus reduced the appeal to the question 
"whether it would have been obvious for one 
skilled in this art, having these references 
available, to use the dye transfer process for 
coloring embroidered emblems." Transcript 
at 75. The board answered affirmatively, 
staling: 

After reviewing the references, we come 
to the conclusion that the dye transfer pro- 
cess has been taught to be usable for almost 
any type of substrate, from relatively 
smooth fabrics to materials, such as car- 
pets, which are rough in texture and even 
to aluminum substrates. The formation of 
embroidered fabrics is known and, as is 
taught by Butterick, white-on-white em- 
broidery is commonly made. We believe 
that one skilled in this art would readily 
understand that the dye transfer process, as 
described in these references, and which is 
acknowledged to be old by appellant, may 
be used to transfer dye in the form of a 
pattern to any substrate, whether smooth 
or rough. 

While we find the embroidered emblems 
extremely attractive, we believe that the 
process would have been obvious in view of 
the cited art and that only the expected 
additive results are obtained. Also, we must 
not lose sight of the fact that the claims arc 
generic in nature and are not limited to the 
specific exhibits presented in this case. We 
must compare the claims with the methods 
and articles described in the references. 
When we do so, we come to the conclusion 
that the claimed process and resulting arti- 
cle would have been obvious to one skilled 
in this art. 
(Transcript at 75-76.] 

n. 

Opinion 

A. Whether the board correctly deduced obvi- 
ousness from the prior art. 



[2] We may assume, for purposes of this 
decision, that all the prior art references in 
this case are sufficiently related to one an- 
other and to a related and common art, that 
the hypothetical person skilled in the art must 
be presumed to be familiar with all of them. 
That being so, the next questions are (a) 
whether a combination of the teachings of all 
or any of the references would have suggested 
(expressly or by implication) the possibility of 
achieving further improvement by combining 
such teachings along the line of the invention 
in suit, and (b) whether the claimed invention 
achieved more than a combination which any 
or all of the prior art references suggested, 
expressly or by reasonable implicationTThese 
manifestly related tests are indicated as ap- 
propriate by the following decisions of the 
former Court of Customs and Patent Appeals 
reviewing, as we do here, decisions of the 
board denying patentability under § 103 on 
obviousness grounds. 

Cases reversing the board and holding the 
invention patentable — 

In re Rinehart, 531 F.2d. 1048, 189 

USPQ 143 (CCPA 1976). 

In re Imperato, 486 F.2d 585, 179 

USPQ 730 (CCPA 1973). 

In re Adams, 356 F.2d 998, 148 USPQ 

742 (CCPA 1966). 

[3] Cases affirming the board and holding 
the invention unpatentable for obviousness — 
In re McLaughlin, 443 F.2d 1392, 170 

USPQ 209 (CCPA 1971). 

In ire Conrad, 439 F.2d 201, 169 USPQ 

170 (CCPA 1971). 
In re Sheckler, 438 F.2d 999, 168 USPQ 

716 (CCPA 1971). 
And there are many others. All these cases 
are binding precedents in this tribunal, as 
much as our own will be. South Corp. v. 
United States, 690 F.2d 1368, 215 USPQ 657 
(Fed. Cir. 1982). None can be treated as 
discredited merely because expressions in 
them can be taken out of their context and 
construed as in conflict with expressions in 
other cases. Some minds will prefer the re- 
sults of the first trio, others of the second. The 
tests stated above, (a) and (b), were the tests 
applied in all six cases. 

The board majority misdescribed the in- 
vention by confusing the embroidery with the 
substrate and in supposing the inventor just 
applied a print to a rough substrate instead of 
a smooth one. It compared the invention with 
the prior art on the basis of the elements 
employed being print and substrate. Actually, 
by both daim 1 and daim 10, there are three 
component elements. The embroidery is in- 
troduced between the print and the substrate. 
No print is applied to the substrate. It is all 
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applied to the embroidery. The pattern, being 
"sculptured," intercepts the colors in the print 
according to the designer's intentions. The 
print and the pattern (embroidery) are made 
to "register" (claim 1 and 10 both use this 
word), i.e., conform. They "mate." 

Certainly the board pointed to no prior art 
that separately suggested expressly or by im- 
plication a three-dement combination made 
up in this way. British in general teaches 
transfer prints on the substrate, as do Miles 
and Vellins. The remainder do not leach at 
all about transfer printing. When one skilled 
in the art at the time of the invention is 
considering all the prior art in combination, 
we wholly fail to perceive what more he 
would have found. The most that would have 
appeared to have been suggested was the use 
of transfer, prints on rough substrates by 
which, no doubt, a variety of designs might 
have been achieved. Mating or registering are 
suggested nowhere in the prior art There- 
fore, it does not show how to approach the 
results this inventor achieved. No prior art 
suggests expressly or by implication keeping 
the print off the substrate and providing a 
"sculptured" embroidery in a pattern to mate 
and register with the print. 

Although British teaches transfer printing 
on lace, this patent does not envision the use 
of a pattern inserted between the transfer 
P rint ^and the lace substrate that would 
"mate" with the transfer print. Of course the 
lace substrate itself has ah inherent pattern, 
but British makes no mention of it and does 
not even hint at mating the transfer print 
with this pattern. Without some express or 
implied suggestion, we cannot assume that 
one of ordinary skill in the art would have 
found it obvious to mate the transfer print 
with this pattern. More to the point, the 
inherent pattern in lace cannot be inserted 
between the lace substrate and the transfer 
print because the pattern is part and parcel of 
the substrate. Even though lace can be "re- 
embroidered," as Butterick teaches, the em- 
broidery on re-embroidered lace does not ini- 
tiate a pattern, but merely outlines the 
pattern of the lace itself; the single colored 
embroidery described in the first steps of 
appellant's claimed method, on the other 
hand, exhibits a pattern of its own designed to 
mate with the transfer print, and keeps the 
print off the substrate. 

The conclusion is the same under test (b) 
as it is under test (a). Under test (b), the 
person who considered merely combining the 
teachings of prior art references would not 
expect from the references or any implication 
to be drawn therefrom that the great advance 
made by appellant's invention could be at- 
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tained. The board never showed how »^ 
teachings of the prior art could be combined 
to make the invention. mDmcd 
In re Sheckler, supra, may be taken as an 
example of a case where a combination of the 
teachings of prior art references suggested ,k! 
inventor's result. The invention was for I 
building block for wall construction comork 
ing a sandwich whose exterior portion were 
slabs of soUdconcrete and the interior, bond- 
ed to the slabs, was rigid light cellular heat 
insulating organic foam material. One prior 
art reference disclosed a reinforced concrete 
beam with an inner core of foamed polymeric 
material. Another disclosed a building block 
consisting of two layers of load-bearing glass 
separated by an interior layer of heat-insulat- 
ing foamed glass material. 

[4] [It could not have placed any great strain 
on the intellect of the court to sustain the 
board's conclusion of obviousness. The court 
said, and we agree, it was not necessary that 
the prior art suggest expressly or in so many 
words ;> the "changes or possible improve- 
ments" the inventor made. It was only neces- 
sary that he apply "knowledge clearly present 
in the prior art." Sheckler, 438 F.2d at 1001 
168 USPQ at 717. (Emphasis supplied.) ' 
If this last test is not met, the invention 
claimed would not have been obvious from 
the references. 

[5] In re Imperato, supra, may be taken as 
an example of a case when combination of the 
teachings of prior art references did not sug- 
gest the inventor's result. The court therefore 
reversed the board's holding of obviousness. 
The invention related to an improvement in 
the process of "beneficiating" low grade ore 
to prepare it for the blast furnace. Beneficia- 
tion requires grinding the ore to a finely 
divided state in order to facilitate the removal 
of impurities. Then, however, it must be 
recombined into lumps for the furnace. The 
prior art used various carbonates for bonding 
to which the inventor added free sulphur. 
Other prior art taught use of free sulphur 
only for bonding. The board thought it obvi- 
ous to combine the two. The court, however, 
noted that combining both carbonates and 
sulphur achieved an unexpected result. Both 
prior processes resulted in lump ore having 
nigh strength at low temperatures, but not at 
high temperatures, whereas the combination 
obtained a lump ore having high strength in 
both situations, an unexpected and unobvious 
result. The lesson of this case appears to be 
that prior art references in combination do 
not make an invention obvious unless some- 
thing in the prior art references would sug- 
gest the advantage to be derived from combin- 
ing their teachings. It does not appear from 
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the opinion that the inventor actually did 
anything not disclosed somewhere in the prior 
art references, and in that regard the case was 
less favorable for unobviousness than the case 
at bar, where none of the prior art references 
disclosed an embroidery inserted between the 
print and the substrate, "registered" or mated 
the print with the embroidery, not the sub- 
strate, and transferred the print to the insert, 
not to the substrate. 

For the foregoing reasons, it is clear thai 
the principal rejection of claims 1 , 4-6, and 
9-1 1 cannot be sustained. The four references 
relied upon by the board for this rejection 
(British, Miles, Vellins, and Butterick), either 
separately or in combination, do not suggest 
that transfer printing techniques should be 
combined with embroidery techniques in the 
specific manner claimed in appellant's appli- 
cation. In view of all the art of record, we also 
hold that the secondary rejection of claims 2, 
3, and 8 must be reversed. While Cox, Haigh, 
and Sernaker disclose various aspects about 
the making of embroidered emblems, none of 
them disclose or suggest transfer printing; 
they do not envision using transfer printing to 
create the effect of embroidery with different 
colored threads. Rather, they suggest using 
standard embroidery techniques, such as 
hand looming or embroidery with the Schiffli 
machine alone, to create the embroidered pat- 
tern. In the absence of any suggestion to use 
teachings concerning transfer printing in the 
making of embroidered emblems, we conclude 
that appellant's claimed invention would not 
have been obvious to one of ordinary skill in 
the art from the above seven references at the 
time of the invention. 



B. Whether the board correctly disregarded 
the secondary considerations. 

[6,71 Finally, we hold that the "secondary 
considerations that the Supreme Court stat- 
ed might be of possible utility in an obvious- 
ness determination, Graham v. John Deere 
Co., 383 U.S. 1, 17-18, 148 USPQ 459, 
466-467 (1966), also require a finding of 
nonobviousness if the matter be otherwise 
doubtful. In an appeal of a rejection of a 
patent application, secondary considerations, 
such as commercial success, typically do not 
play a large part in the analysis of obvious- 
ness because the inventor usually waits until 
his patent issues before he swings production 
into full gear. Thus, a detailed analysis of 
secondary considerations is more common in 
cases like John Deere, which involved in- 
fringement. If, however, a patent applicant 
properly presents evidence relating to these 
secondary considerations, the board must al- 



ways consider such evidence in connection 
with the determination of obviousness. In re 
Fielder and Underwood, 471 F.2d 640, 644 
176 USPQ 300, 303 (CCPA 1973). 

(8] Appellant presented a considerable 
amount ol such evidence. Despite the fact that 
a patent has not yet issued, appellant has 
been able to license his invention. Appellant's 
licensees have sold millions of the emblems, 
and the Gilardone affidavit attests that appel- 
lant's invention has met with great commer- 
cial success, has helped revitalize a depressed 
embroidery industry, and has introduced a 
new kind of emblem into the marketplace. 
The DeVrics affidavit also attests to the 
uniqueness of appellant's invention. In addi- 
tion, the record clearly shows that appellant's 
multicolored, embroidered emblems arc con- 
siderably cheaper to produce than the prior 
art embroidered emblems. It is true the prior 
art references relied on to establish obvious- 
ness had not been available to the inventor 
very long. Things apparently were moving 
fast in that industry. This might justify the 
thought that the want filled by the invention 
had not been felt very long, out it does not 
justify wholly ignoring these secondary con- 
siderations which here speak with unusual 
eloquence. 

[9,10] In the face of all this evidence, the 
board was silent Although the two affidavits 
in the record before us were submitted after 
the examiner's decision became final, they 
were submitted before the board reached its 
decision. While appellant presented the De- 
Vrics affidavit to the examiner after his final 
action, 37 C.F.R. §U16(b) (1982) would 
allow the examiner to admit this evidence 
upon a showing of good cause. Under 37 
C.F.R. §1.195 (1982), the board had the 
power to admit the later Gilardone affidavit 
upon a similar showing. The record before 
us, however, is unclear whether the examiner 
did, in fact, admit the DeVries affidavit, and 
whether the board admitted the Gilardone 
affidavit; neither the examiner nor the board 
mentioned these affidavits. In response to our 
specific question in oral argument, however, 
the solicitor admitted that the "commercial 
success" affidavits were before the board. In 
addition, the solicitor cited in his brief the 
telling Gilardone affidavit and assured us that 
the board did consider evidence of commercial 
success. He stated: 

The argument (Br-15), that the Board 
of Appeals failed to consider the evidence of 
commercial success, is untenable. The 
Board specifically stated that they found 
the embroidered emblems "extremely at- 
tractive" (R-76). This appears to be a 
recognition that the emblems would be 
well-received commercially. Appellant's af- 
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fidavit (R-64) [the Gilardone affidavit) 
shows only that the emblems have had good 
sales. There is no comparison with the 
sales of other embroidered emblems. 
[11] As we stated above, the Gilardone 
affidavit shows much more than "good sales/* 
In addition, we reject the notion that . the 
board's bare compliment of the emblems as 
"extremely attractive" implies assignment of 
weight, to appellant's commercial success evi- 
dence. To accept this notion would shrink the 
meaning of the phrase "secondary consider- 
ations" beyond belief. The board in fact said 
nothing about the commercial success of ap- 
pellant's invention, and nothing about any of 
the other considerations the Supreme Court 
deemed relevant Although the solicitor as- 
sures us that the board did consider, the evi- 
dence before us relating to secondary consid- 
erations, we do not agree with his analysis of 
this evidence, nor do we find any support for 
this analysis in the board's opinion. 

The solicitor in effect has stipulated that 
the board considered the evidence, which nec- 
essarily implies that it allowed the filing of it 
on a showing of good cause, as to which there 
is no other evidence in the record. In view of 
this stipulation, it appears it would be inap- 
propriate to remand the case for the board to 
consider the same evidence a second time. We 
can only conclude that for some unexplained 
and, to us, unfathomable reason, the board 
found it insufficient to overcome the, to it, 
plain indications of obviousness. 

For the reasons stated in this opinion, the 
decision of the board is reversed. 
Reversed. 



Davis, Circuit Judge, concurring in part 
and concurring in the result 

I join in Pans I and II B of Judge Nichols' 
opinion. As for Part II A, my judicial micro- 
scope suggests to me that, if the prior art is 
considered alone, the case is much doser than 
his opinion indicates. Differences there are, of 
course, between appellant's invention and the 
prior art, but it is not plain to me, from the 
bare references alone (especially those disclos- 
ing or suggesting transfer printing on Lace 
and other rough-textured or somewhat 
"sculptured" material), that the invention 
was not obvious from the prior art. I need 
not, however, decide that unclear question on 
the references alone. For me the crucial in- 
sight is the "secondary consideration" of com- 
mercial success which (as Part II B of the 
main opinion spells out) appellant has fully 
proved, the Solicitor has not sought to rebut 
and has admitted was before the Board, and 
the Board, failed properly to consider. Under 



Graham v. John Deere Co., 383 U.S. 1, 
17-18, 148 USPQ 459, 466-467 (1966), that 
type of success is a relevant factor, and in this 
dose case I think it derisive in showing 
nonobviousness. 
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PATENTS 

1. Court of Appeals for the Federal Cir- 
cuit — Pleading and practice (§26.57) 

CAFC Rule 7(a) provides that, except for 
individual appearing pro se, each party and 
amicus curiae must appear through attorney 
who is authorized to practice before CAFC; 
nothing in CAFC rules suggests that excep- 
tion is to be made due to expense corporation 
will incur through attorney. 



Richdel, Inc., appellant, versus Sunspool 
Corporation, appdlee. 

On request of appellee's president to repre- 
sent appellee. Request denied. 

Before Friedman, Rich, and Davis, Circuit 
Judges. 



Per curiam. 



Order 



This is a request by Harry T. Whitehouse, 
the president of appdlee, Sunspool Corpora- 
tion, to represent his corporation, which is the 
appellee in this patent case. Mr. Whitehouse 
apparently is not a lawyer. He seeks to repre- 
sent his corporation because *1t)he continuing 
accrual of professional fees * * * has imposed 
a substantial financial hardship upon the 
Appdlee." 

[1] Rule 7(a) of the Rules of this court 
provides that **(ejxcept for an individual ap- 
pearing pro se, each party and amicus curiae 
must appear through an attorney who is 



